Subsurface float measurements at 800 m depth carried out from 1994 to 2003 in the Brazil Basin are used to characterise the equatorward Intermediate Western Boundary Current (IWBC) and its connections to the ocean interior. Transversally, the boundary flow is less than 100 km wide, and most intense at 10-20 km from the 800 m isobath. Its average velocities range from ∼0.1 ms −1 to 0.3 ms . The flow meridional extent exhibits 3 contrasted domains: (i) from 27°S to the Vitoria-Trindade Ridge at 20°30′S, the boundary flow intensifies northward along a relatively smooth topography. A counter current adjacent to it on its seaward side feeds it with intermediate water from the northern limb of the subtropical gyre. (ii) At latitudes 20-15°S characterised by a very irregular topography, the IWBC becomes weaker with even no real proof of its presence at 18-15°S. An intense mesoscale variability prevails there, which apparently takes over from the boundary flow to ensure the northward transport of water to 15°S, where the IWBC re-forms. (iii) North of this latitude, the boundary flow increases again to ∼10°S along smooth isobaths, then decreases when encountering a rougher topography and the zonal jets of the equatorial current system. A counter current present from ∼5°S to 14°S, partly fed from the boundary flow, contributes to its drainage. The IWBC shows two main input locations, at 27-23°S and 15-12°S in the southern parts of the two latitudinal domains of smooth topography where the northward current increases. Output locations coincide with major capes in the continental slope geometry, at 20°S and 18°S (the southeastern and northeastern corners of the Abrolhos Bank), at 8°S near the Recife Plateau, and at 5°S near Cape São Roque.
I -Introduction
The World Ocean Circulation Experiment (WOCE) in the 1990's induced several studies of the circulation of the Antarctic Intermediate Water (AAIW) in the South Atlantic, which had as a common and ultimate objective a better understanding of the way this water mass crosses the ocean basin northward, and contributes to the warm limb of the Atlantic meridional circulation. The works of Reid (1989) , Warner and Weiss (1992) , and Suga and Talley (1995) , all resting on hydrographic and tracer data, revealed a mostly wind-driven AAIW circulation structured into a subtropical gyre south of ~20°S, a tropical gyre, and a system of zonal equatorial currents. Several subsurface float experiments carried out under the auspices of WOCE (DBE 1 ), or as follows-on of this program (KAPEX 2 ), provided direct confirmations of most aspects of the AAIW circulation. Boebel et al. (1997) , combining the first available float data to hydrographic and current meter data, described the bifurcation of the northern westward limb of the AAIW subtropical gyre near 28°S at the Brazilian continental slope, which they called the "Santos bifurcation". They underlined that this location is where a northward Intermediate Western Boundary Current (IWBC) originates, as the boundary flow farther south at ~40°S-30°S is exclusively southward. Also using float data, Boebel et al. (1999a) and Boebel et al. (2003) discussed the role of mesoscale features in the spreading of AAIW in the western South Atlantic basin and the eastern part of the subtropical gyre, respectively. Schmid et al. (2000) and Nuñez-Riboni et al. (2005) quantified the AAIW subtropical gyre volume transports, and the inputs/outputs at the gyre western and eastern sides. In the equatorial region, Ollitrault et al. (2006) provided an accurate description of the equatorial zonal intermediate currents, including their seasonal variations. Boebel et al. (1999b) summarized the results of most of the above-quoted studies in a schematic diagram of the main flow patterns at intermediate depths in the western South Atlantic. Although in that diagram the IWBC appears as an essential feature connecting the subtropical gyre to the equatorial jets, it looks like this current did not receive as much attention as would be justified from its role in the northward transfer of AAIW. Apart from a few subsurface float trajectories that revealed it in the work of Boebel et al. (1999b) , our knowledge of it mainly rests on local Eulerian measurements at a few different places along its course. The first of these were punctual Pegasus velocity profiles at ~23°S reported by Evans and Signorini (1985) , which revealed alongslope equatorward velocity maxima up to 1 DBE : Deep Basin Experiment. 2 KAPEX : Cape of Goodhope Experiments (Richardson et al., 2003) .
0.35 ms -1 at 800 m depth. Müller et al. (1998) reported measurements of two year duration at 28°S and one year at 23°S and 20°S, the latter being located in the western channels of the Vitoria-Trindade Ridge (hereafter VTR; Fig.1a ). While the former, located just south of the Santos bifurcation, produced poleward averaged velocities at the intermediate levels, the latter two showed equatorward mean flows of 0.12 ms -1 (at 23°S) and 0.21 ms -1 (at 20°S). In the same area (22°42'S) Silveira et al. (2008) reports a 5-month average equatorward velocity of 0.22 ms -1 at 900 m depth in the IWBC. At 18°S, however, other near-slope18-month duration measurements at 900 m by Weatherly et al. (2000) did not reveal any IWBC, the flow being highly variable. Still farther north at 11°S and 5°S, a well-defined IWBC was found again in current meter and Acoustic Doppler Current Profiler (ADCP) data by Schott et al. (2005) , with mean velocities of 0.15-0.30 ms -1 . At these latitudes, the IWBC is overridden by a stronger flow of South Atlantic Central Water in the same direction, the two flows constituting the so-called North Brazil Undercurrent (NBUC; Silveira et al., 1994; .
A comprehensive view of the South Atlantic western boundary current system, including information on the AAIW component, may be found in Wienders et al. (2000) , who realized a hydrographic inversion of a WOCE section parallel to the coast at ~600 km from it, and extending from 50°S to 10°N. Their results, when interpreted in terms of alongshore transports (between the coast and the hydrographic line), provide the approximate meridional structure of the western boundary flow for each water mass. The IWBC is seen to originate at 28°S and to increase, on average, toward the equator, yet with local reversed gradients notably at 20°S-15°S. Vertically, and between 28°S and ~13°S, it separates the southward flows associated with the Brazil Current (above), and with the Deep Western Boundary Current (below). North of ~13°S, the overriding flow is itself northward, as just mentioned.
Between 28°S and ~40°S, the AAIW boundary flow is southward and joins in with the overand underlying currents in a thick poleward boundary flow extending vertically from the surface down to the base of the Deep Waters at about 3000 m depth. Because the IWBC is much narrower than 600 km, however, its transport estimates in Wienders et al. (2000) might be poor at latitudes where current re-circulations exist inshore of the hydrographic line.
From the above, our present knowledge of the IWBC rests either on local Eulerian velocity measurements, which at a few latitudes provide an accurate transverse description of the current, or on hydrographic data which, though providing a satisfactory description of the alongshore current structure, are less accurate as for velocity and transport estimates. In this article, we use subsurface float data from the French DBE/SAMBA experiment that repeatedly sampled the IWBC between 1994 and 2003, for a characterization of both the alongslope and transverse structures of the current. Owing to their 3-year average life time, many floats from that experiment, initially launched in the interior of the Brazil Basin, drifted to the vicinity of the South American continental slope, and were entrained in the IWBC (Fig.1b) . Section 2 gives more information on the data set, and briefly presents the large-scale and mesoscale IWBC environments as given by the floats. Section 3 describes the method used to select the parts of the float trajectories that sampled the IWBC. The meridional and transverse structures of the boundary current are studied in Sections 4 and 5, respectively, and the latter also discusses the associated transports and the counter-currents present at some latitudes. Section 6 focuses on two regions with particularly high mesoscale activity, the Santos Plateau and the area north of the Vitoria-Trindade seamounts. In Section 7 are examined the preferential locations of exchange between the IWBC and the ocean interior, and the float-inferred residence times over the whole extent of the current and in its subsections.
II -The data. The IWBC large scale and meso-scale environments.
a) The float data
The subsurface floats used during the SAMBA experiment are acoustically tracked, multi-cycle MARVOR floats (Ollitrault et al., 1995; Ollitrault, 1999) . They are designed to perform successive measurement cycles during which they sink to a prescribed pressure (here 800 dbar), drift at that pressure during 2 or 3 months (the cycle durations retained for SAMBA), then return to the surface where they remain for 2 or 3 days (respectively) to transmit the data via the satellite ARGOS system, before starting a new cycle. Such cycles are repeated during 3 to 5 years. The floats are RAFOS-type instruments located once a day using the signals received from an array 3 of acoustic sources (Rossby et al., 1986) . Pressure and temperature measurements are also realized once a day. As the floats are isobaric, they may cross sloping isopycnal surfaces. A total of 100 MARVOR floats were launched between 1994 and 1997 in the framework of SAMBA, which provided about 300 years of data. The tracking of the last float was interrupted at the end of 2003. About one tenth of this data set (32 float-years from 1994 to 1996) was already used in the study of Boebel et al. (1999b) , where they provided the sampling of the IWBC in the float-inferred schematics of the western South Atlantic intermediate circulation proposed by the authors. That study did not include any discussion of the boundary flow structure, however, which a much larger data quantity now makes possible.
The raw time series of float latitudes and longitudes were passed through a Lanczos filter with cut-off period of 3 days and half width of 10 days. Cubic spline functions were then fitted to the same time series, in order to estimate the eastward and northward float velocity components (Ollitrault et al., 1995) . The trajectories thus obtained provide a good coverage of the western South Atlantic, from ~30°S to ~5°N, particularly of the region close to the western border (Fig.1b) .
The tracking of the SAMBA floats for a 10-year period (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) and over a large portion of the Equatorial and Western south Atlantic, required several sound sources (roughly ten at a time) located so that at least two sources should be heard by a float whatever its position. This was not always possible however, close to the continent, because of islands, capes or seamounts preventing the sound from reaching a float drifting there. We managed nevertheless to reconstruct occasionally a few float trajectories, with only one source heard, from geometrical considerations (and a precise bathymetry such as SRTM30+). Besides these difficult cases, most float positions are estimated with a few kilometres error. A few MARVOR floats sank due to valve problems, but most were very stable around 800 dbar:
actually 95% of the daily measured pressures are comprised between 750 and 900 dbar.
b) Large scale and meso-scale IWBC environments
The presence of the IWBC along the South American continental slope is illustrated in Figure 2 by the trajectories of 3 floats launched in the ocean interior at 22°30'S, 18°S, and 5°S. The southern one rejoins the western boundary after three cycles and drifts in the boundary current until it reaches the VTR at 20°30'S. It leaves the boundary at this latitude, yet proceeds northward looping along its trajectory, joins briefly the western boundary near 18°S but re-enters definitely the IWBC only near 13°S, staying in it at least to ~2°S. The two others join the boundary along more contorted paths, then follow the IWBC from ~13°S to ~2°S for one, and from ~11°S to ~5°S for the other, the latter being detrained from the IWBC after passing through the atol das Rocas seamounts, east of Fernando do Noronha.
Prior to focusing on the IWBC, we present in Figure 3a a reminder of the large scale circulation at intermediate levels, here obtained by averaging the SAMBA daily float velocities in 1°x1° boxes, superimposed on the 800 dbar temperature distribution, also measured by the floats. Figure 3b displays the Eddy Kinetic Energy (EKE) also computed in 1°x1° boxes. In Figure 3a , the meridional temperature variations are the 800 dbar imprints of the isotherms vertical displacements associated with the large scale subtropical gyre (south of ~20°S), tropical gyre (from 20°S to 5°S), and equatorial current system. The IWBC itself appears through along-slope northward protrusions of warmer water from the subtropics at 15°S-20°S, and of colder water from the tropics north of ~10°S, the latter extending eastward at ~2°S along the Southern Intermediate Counter Current (SICC; Schott et al.,1995; Ollitrault et al., 2006) . The westward northern limb of the subtropical gyre south of 20°S and the system of equatorial zonal jets north of 5°S both stand out in the map of averaged float velocities. The former, here observed at 20°S-30°S, was only partially sampled by the SAMBA floats. Other Lagrangian data sets (Boebel et al., 1997) and indirect velocity estimations (Wienders et al., 2000) showed that the subtropical westward flow at intermediate levels extends southward to ~33°S. The Santos bifurcation, nevertheless, is quite visible at 27°S-28°S in Figure 3a . The tropical domain at 20°S-5°S is characterized by weak averaged velocities (O(0.01ms -1 )) in the ocean interior. In contrast, the IWBC is detected at nearly all latitudes north of 27°S by O(0.1 ms -1 ) alongshore equatorward mean velocities. Adjacent to its seaward side at 6°S-13°S is a southward counter current (see also the blue float in Figure   2 ) that was also found in previous Eulerian measurements (Schott et al., 2005) . A similar feature is observed at 22°S-26°S.
The EKE distribution in Figure 3b exhibits 
III -Selecting floats in the intermediate boundary currents
The subsurface float positions that sampled the western boundary currents (the IWBC north of 27°S and the Brazil Current at the intermediate level south of 27°S) were selected according to two complementary criteria, one involving the distance of the float to the isobath 800 m, the other involving the angle between the float trajectory and the isobath 800 m. A first pre-selection was nevertheless done after observing that in the area 5°S-10°S where the continental slope is steepest, the offshore boundary of the IWBC is approximately above the 3500 m isobath (Schott et al., 2002; Schott et al., 2005) . We pre-selected those float positions that were inshore of this isobath and, also rejecting a few cases in which the float pressure exceeded 1100 dbar (regarded as the lower limit of the AAIW), were left with an ensemble of however, that choosing the isobath underlying the float gave quite similar results. We used the bathymetric data of Smith and Sandwell (1997) gridded with a 2' resolution, that we smoothed using a 2D-Gaussian filter with a 10 km standard deviation, in order to have the isobath filtered similarly to the float trajectories. This filtered isobath was only used for the computation of α, the unfiltered isobath being retained to calculate the float distances to the continental slope. On examination, these were observed to belong to looping trajectories of two floats entrained in eddies, and in any way did not indicate a northward boundary flow at these latitudes. The weak number of SAMBA floats that sampled the region south of the Santos bifurcation therefore corroborate the result of Boebel et al. (1997) , that no direct northward flow of AAIW along the continental slope takes place between the Brazil-Malvinas confluence region near 40°S (Gordon, 1989) and the Santos bifurcation.
Looking for the floats that sampled the Brazil Current, we used a similar method as for the IWBC. Based on hydrographic sections transverse to the current at these latitudes (e.g., Zemba, 1991) , we chose a rather conservative distance criterion of 450 km (to the isobath 800 m), the angle criterion now being [α>150° or α<-150°]. This led to 266 positions south of 28°S (green in Figure 5 ) and belonging to 16 floats ( (with individual values up to 0.7 ms -1 ) at 10°S. North of this latitude, the approach of the equator is characterized by an irregular decrease (to ~0.05 ms -1 at ~3°S) probably associated with connections to the alternate subequatorial flows (Ollitrault et al., 2006) . All over the sampled domain, the standard deviation associated with the IWBC velocities is relatively stable below 0.1 ms -1 .
The meridional distribution of the IWBC deduced from the subsurface floats generally matches the available Eulerian measurements, also displayed in Figure 7 , and the main features of the alongshore AAIW transport variations deduced by Wienders et al. (2000) . The flow acceleration observed between 28°S and 20°S is also present, with comparable intensity, in the measurements of Müller et al. (1998) Analyzing Figure 7 with regard to the continental slope regularity (Fig.1a ) and alongslope mesoscale activity (Fig. 3b) , the region 20°S-15°S where the IWBC decreases sharply is also where the continental slope isobaths are the most irregular, and the mesoscale activity the most intense, an indication that contorted isobaths influence the flow destabilization which, in turn, contributes to the seaward water transfer. In contrast, the domains 24°S-20°S and 15°S-10°S where the IWBC accelerates are regions of smooth continental slope isobaths and low mesoscale activity. b) The counter current at 15°S-5°S
V -
The counter current in the northern domain was previously observed by Stramma et al. (1995) , Stramma and Schott (1999) , Boebel et al. (1999a) , and Schott et al. (2005) , yet without determining whether it originates as a recirculation of the IWBC or is fed from the ocean interior, and whether it itself turns shoreward in the IWBC, or seaward. Whereas two float trajectories in Boebel et al. (1999a) Lagrangian data are used here for more information on these issues. The float positions that sampled the counter current were first selected, using the angle criteria α>150° or α<-150°, and requiring a distance to the 800 m isobath between 20 km and 120 km. A total of 405 float positions were found between 5°S and 14°S ( Fig. 9) , at an average distance 85 km from the 800 m isobath, and associated with an averaged velocity of ~0.1 ms -1 . The latitudinal span of the counter current only slightly exceeds the model-inferred range of 6°S-13°S given by von Schuckmann (2006) , and the averaged velocity compares well with previous Eulerian values.
In Figure 9a ,b are displayed the 90-day trajectory portions that precede the float entries in the counter current, distinguishing those that were in the IWBC (a) from those that were in the ocean interior (b). Out of 31 floats that sampled the counter current, 16 came from the boundary current, and 15 from offshore, suggesting a double origin of the counter current, equally shared between the IWBC and the South Equatorial Current. The entries from the IWBC are distributed between 5°S and 12°S, whereas the inflow from offshore appears more concentrated at 8°S-11°S, yet with two outliers at ~13°30'S.
The same approach is used to analyze the fate of the counter current (Fig. 9c,d ). Out of 30 floats which drifted out of the counter current, only 9 (30%) entered the IWBC, whereas 21 (70%) escaped seaward. Recirculations in the IWBC were observed between 9°S and 14°S, whereas the eastward escapes took place between 6°S and 12°30'S. The dominant seaward escape matches the model outputs of von Schuckmann (2006) , which also favoured this exit. The southern termination of the counter current at 12°S-14°S, and the preferential seaward exit might be related to the presence of the inner core of the large scale tropical gyre south of these latitudes (at ~12°S-20°S) near the ocean western boundary. This feature, which is marked by a core of colder water in figure 3a , is associated with a cyclonic circulation.
From its location it is expected that the counter current abuts on it at ~13°S, and is subsequently deviated southeastward by the cyclonic flow.
c) The counter current at 27°S-20°S
In red in Figure 10 are represented 560 float positions that were selected as being in the counter current in the region between 26°S and 20°45'S, requiring their distance to the 800 m isobath to be between 65 km and 170 km. Their averaged distance was found to be 115 km, and they were associated with velocities averaging to 0.05 ms -1 , about half the velocity of the counter current at 14°S-5°S.
Similar to what was done for the northern domain, the trajectories upstream and downstream of the counter current were plotted (for 150 days, to account for the slower flow in this region), distinguishing those that are inshore of the counter current from those that are offshore. Out of 19 floats drifting in the counter current, 3 came from the IWBC (Fig.10a) , and 16 from the ocean interior (Fig.10b) . As the 3 floats that came from the boundary flow rapidly rejoined it again, the IWBC only appears as a punctual source for the counter current in that area. The arrival of floats from the ocean interior (Fig.10b ) is regularly distributed in latitude between 25°30'S and 21°30'S, with initial nearly zonal trajectories corresponding to the northern limb of the subtropical gyre, turning southwestward when approaching the boundary.
The downstream trajectories (Fig.10c,d) show that, of 18 floats that escaped the counter current, 14 joined in with the IWBC, and 4 escaped seaward. It should be noted that these 4 floats, when tracked downstream of the counter current for more than 150 days, were seen to also eventually enter the IWBC. In all cases, therefore, the southwestward counter current in this region appears as a link between the return westward flow of the subtropical gyre and the IWBC, a configuration already represented in the flow schematics of Boebel et al. (1999b) . The entry in the IWBC always takes place south of 23°S.
VI -The Santos bifurcation and the region 20°S-15°S
a) The Santos bifurcation Two bunches of floats launched during the SAMBA experiment at 22°30'S, 33°W and 26°30'S, 36°W (Fig.11) provide data that complement the original description of the Santos bifurcation by Boebel et al. (1997) and Boebel et al. (1999a) . A first suggestion drawn from Figure 11a , is that the bifurcation does not occur right at the continental slope, but farther offshore. This is apparent in the trajectories of the floats that were launched at 26°30'S, which arriving from the east seem constrained to skirt the bathymetry, others arriving from the north manage to flow over it. They do it, however, in a perturbed way, being entrained in anticyclonic eddies when arriving over the Plateau. This change of dynamical regime over the Santos Plateau, relative to its surroundings, is reflected in Figure 3b by a localized EKE maximum. array deployed during WOCE (Müller et al., 1998; Hogg et al., 1999) , fit in quite well with the Lagrangian velocities (Fig.11b) . The most inshore instrument, located at 27°54'S-46°42'W near the southern border of the region not visited by the floats, shows, as expected, no significant averaged alongshore component.
The float averaged velocities shown in Figure 11b were used in different manners to estimate the AAIW volume transport associated with the westward limb of the subtropical gyre. First referencing the geostrophic velocities of the WOCE/A17 hydrographic section (CTD station positions given by "+" signs in Figure 11b ) to these velocities north of 30°S
and, following Wienders et al. (2000) , to the upper boundary of the North Atlantic Deep
Water (isopycnal σ 2 =36.83 kg m -3 ) south of this latitude, the westward return current of the subtropical gyre was found to extend from 33°30'S to 20°30'S, and to transport 10. Figure 11b ). In order to determine how this westward AAIW transport splits up between the northbound and southbound boundary flows, similar geostrophic computations were carried out using the hydrographic WOCE/A19 section perpendicular to the boundary at 19°S (referencing the geostrophic currents to the float velocities), and a "Marathon" section across the Brazil current at 31°S (Zemba, 1991;  assuming zero alongshore velocity at the base of the North Atlantic Deep Water). The computation gave 3.4 Sv for the IWBC at 19°S, and 5.4 Sv for the AAIW in the Brazil Current at 31°S, two values which sum up to 8.8 Sv, close to the above 30°S-20°30'S transport estimate. Relating the 3.4 Sv transport of the IWBC at 19°S to the total 10.6 Sv of the return limb of the subtropical gyre, these estimates suggest that one third of the latter turns northward, while two third of it recirculates southward in the subtropical western boundary current. This ratio is somewhat higher than the one-to-four ratio proposed by Schmid et al. (2000) , which, however, applied to a higher incoming flow of 19 Sv.
b) Flow of AAIW near the western boundary at 20°S-15°S
The analyses of the meridional and transverse structures of the IWBC in Sections 4
and 5 both suggest a change of flow regime at latitudes 20°S-15°S, where the current is weaker (Fig.7, 8 ) and associated with a higher mesoscale activity (Fig.3b) . In this Section we try to determine to which extent these perturbations, likely caused by a contorted continental slope geometry, affect the continuity of the boundary flow and its exchanges with the ocean interior. Despite these disruptions of the IWBC, however, about half of the particles flowing in the boundary current south of the VTR rejoin the boundary north of 15°S after a detour in the ocean interior. The latitudes where the floats are re-entrained into the IWBC are naturally influenced by their positions of launching, so that no totally objective statistical result on these entry locations can be inferred. In Figure 13 , however, the latitudes 15°S-13°S stand out as a preferential location of entrainment in the IWBC. Out of 12 floats that rejoined the boundary current north of 18°S, 11 did it in this short latitudinal interval. This location therefore appears as the place where the IWBC re-forms, either fed from the ocean interior (including the energetic domain at 20°S-15°S), or from the 5°S-14°S counter current.
Continuity of the IWBC across the 20°S-15°S domain

AAIW northward crossing of the Vitoria Trindade Ridge
At 20°S, the IWBC flows cyclonically along a wide southward-oriented submarine bight, that terminates at 38°12'W at the westernmost passage across the VTR (Fig.12) passage, yet suggested that a part of the northward transport of the water mass takes place farther east in the other passages across the ridge. Of the 11 floats that drifted in the IWBC upstream of the westernmost passage, 9 turned into it, and 2 proceeded farther along the southern flank of the ridge. An attempt to relate various float parameters to these different behaviours was fruitless. No relation to the velocity was found. The distance of the floats to the 800 m isobath might also have had an effect (Leaman and Vertes, 1996) , depending on whether the instrument was inshore of the current core, in the anticyclonic relative vorticity domain of the boundary flow, or farther offshore in the cyclonic domain. This was not the case, however, as the two floats that drifted past the passage were at similar distances from the 800 m isobath as the others, and were themselves separated by 12 km. It so happened that the two instruments drifted past the passage the same day, so that the ambient flow, notably the nearby presence of the so-called Vitoria eddy (Schmid et al., 1995) , might be what caused the behaviour. This feature is a cyclonic eddy developing in the afore-mentioned submarine bight as the consequence of coastal upwelling events between 22°S and 20°S. 
The energetic domain north of the Vitoria Trindade Ridge
VII -Locations of IWBC inputs and outputs. Transit times.
a) IWBC inputs and outputs
The meridional structure of the IWBC is reflected in the meridional distributions of the current inputs and outputs shown in Figure 14 . Here the locations where the floats entered or exited the IWBC are defined as the first and last positions of the IWBC trajectory segments, only requiring these segments to last more than 10 days. These occurrences were counted in each 1° latitudinal interval, and their ratio to the total number of float positions in that interval computed. Figure 14 shows these ratios (green for inputs and red for outputs), along with the ratio corresponding to floats that just passed the latitude range in the IWBC (without entering of leaving it).
In keeping with the above descriptions, two regions stand out as being important locations of entry in the IWBC. The first one, from 27°S to ~22°30'S, is where the IWBC originates and is first fed from the return limb of the subtropical gyre. We observe that, while this interior flow extends northward to ~20°S, the entry into the boundary current only extends to 22°30'S, a consequence of the southwestward orientation of the intervening counter current. The other dominant entry location is at 15°S-12°S, where the IWBC re- Figure 14 showing the curvature of the smoothed 800 m isobath from 27°S to 6°S, reveals three outstanding capes at 20°S, 18°S, and 16°S, two of which are locations of escape from the IWBC, the third one (the Royal Charlotte Bank at 16°S) being in the latitude range 18°S-15°S
where the boundary flow probably does not exist. The Cape São Roque at ~5°S is another location of pronounced isobath curvature. The Recife Plateau at ~8°S is only associated with a moderate curvature peak, yet significantly higher curvatures of the deeper isobaths (e.g., 1500 m, not shown) at this location likely influence the flow at 800 m. Figure 15 illustrates the numerous exits from the boundary current, that take place in the vicinity of the Recife Plateau. In Figure 14 , two less pronounced curvature peaks at 23°30'S (Cape Frio) and 22°S
(Cape São Tomé) only correspond, from the float trajectories, to occasional instabilities of the flow at 800 m, although instabilities were observed there at shallower levels (Silveira et al., 2008 ; see the discussion in Section VIII).
b) Float residence times in the IWBC. Transit times.
The SAMBA data are particularly suitable for an analysis of the transit time of water in the IWBC, an important issue given the role of this current in transporting water and associated property anomalies meridionally. First referring back to the continuous trajectory sections shown in Figure 6 , the averaged duration of these sections (or float residence time in the boundary flow) was estimated to 12 days, with a maximum of 73 days (the latter taking place between latitudes 15°S and 2°S). Only retaining the distance criterion (<85 km) to define the IWBC, the average residence time increased to 22 days, and its maximum value to 175 days. The averaged continuous curvilinear distance in the boundary current was found to be 167 km, and the largest one, of ~1200 km, corresponds to the portion of yellow trajectory between 13°S and 4°S in Figure 2 .
In order to discuss the time taken by the floats to progress equatorward near the South
Atlantic western boundary, we divided the total latitudinal span of the IWBC in four domains according to the above description of the current, and only retained those floats that were in the boundary current at the entry and exit of each domain (first four lines in Table 1 ), whatever their intervening routes (in the boundary flow or not). The transit times reported in Table 1 there is only 0.03 ms -1 . The only float that flowed throughout the interval 5°S-0°S did it at an averaged velocity of 0.11 ms -1 , also indicative of a relatively well-defined IWBC. Finally, three floats that entered the IWBC at 23°30'S and were also observed in the current at 5°S, suggest that about one year is needed to cover the distance from the IWBC formation area to the location where it branches into the zonal equatorial jets (Table 1) .
VIII -Summary and discussion
Owing to more than 2000 velocity estimates distributed over the whole extent of the IWBC, the SAMBA float data have revealed a latitudinal structure of this current in three main regimes, influenced by the ocean interior circulation, and by the continental slope configuration. The current originates at 27°S along the continental slope from a bifurcation of the return westward limb of the subtropical gyre, which itself seems to take place slightly upstream at the northeast corner of the Santos Plateau. The boundary current is well defined along relatively smooth isobaths from 27°S to the Vitoria-Trindade Ridge (VTR) at 20°30'S.
Sharp variations of the continental slope orientation cause a partial water escape from the boundary at 20°S, and a nearly total separation at 18°S, resulting in a weaker IWBC on average, and strong offshore mesoscale activity between 20°S and 15°S. The boundary flow re-forms spectacularly at the latter latitude, from a recirculating southward counter current, from offshore water, and also from water that already flowed along the boundary south of 20°S, and was entrained in the offshore turbulent regime at 20°S-15°S. The IWBC is welldefined again from 15°S to 5°S, reaching maximum velocities at 12°S-10°S, then decreasing when drained by the counter current and by the equatorial zonal jets north of ~5°S.
Transversally, the current width is everywhere less than 100 km, with a maximum velocity at ~20 km from the 800 m isobath. Counter currents of 0.05 ms -1 -0.1 ms -1 average magnitude exist offshore of the IWBC in the two regions of smooth lateral bathymetry (27°S-
20°30'S, 14°S-5°S). In the intervening domain of rougher topography the counter current is
replaced by an intense mesoscale variability with net equatorward transport. The float data suggest different relations of the two counter currents with the boundary flow: While the southern one feeds the IWBC with water collected from the return limb of the subtropical gyre, the northern one, being partly fed from inshore and terminating mostly seaward, should have a net draining effect on the boundary flow. The different flow regimes in the three subregions of the IWBC influence the float transit times. While on average the floats take 40 and 70 days to cross the southern and northern domains, respectively, they take ~200 days to traverse the central region, a time that may vary between 30 and 1000 days, depending on whether they partly follow the boundary or get totally entangled in the offshore-prevailing mesoscale activity. Based on 3 trajectories, the overall transit time at intermediate levels from the IWBC formation location at 27°S to the equatorial region is one year on average.
It must be borne in mind, that the SAMBA floats provide only 90-day continuous deep trajectories (at most), and that surfacings cause the floats to depart from the particles tagged at depth. We do not think however this has corrupted the results obtained, significantly.
Our limiting the above characterization of the IWBC to the along-slope and transverse dimensions naturally only comes of the one-level float data providing no information on the vertical dimension. There is no doubt, however, that attempts to understand the dynamics of most of the above-described features of the IWBC would require examining the whole water Farther south, the Brazil Current was intensively studied in the region of Cape Frio (23°S) and Cape São Tomé (22°S) (Silveira et al., 2004 (Silveira et al., , 2008 Fernandes et al., 2009 ).
Although the subsurface floats give the image of a well-defined IWBC there (with a few exit occurrences, though), the above-quoted studies underline near-surface Brazil Current instabilities and developing meandering patterns. Numerical experiments get the authors to the conclusion that these features result from first baroclinic mode instabilities of the Brazil Current -IWBC system. Silveira et al. (2008) observe that, while these instabilities are significant at upper levels, they show a sharp decay with depth, not causing any flow reversal in the authors' 900 m near-slope Eulerian measurements. This is corroborated by the image of a relatively stable IWBC given by the SAMBA floats at these latitudes. The surface intensification of the boundary flow instabilities in that region strongly contrasts with the deep-reaching eddy activity at 20°S-15°S.
In the domain 15°S-5°S, Dengler et al. (2004) velocities at ~2000 m and are strongly attenuated at 800 m. Due to the tilt of the continental slope, they are also located offshore of the IWBC rather than below it, another factor that should limit their influence. Some floats did leave the IWBC between 14°S and 10°S (Fig.15 ), but they may well have been detrained by the adjacent counter current, rather than by the deep eddies. (Müller et al., 1998; Hogg et al., 1999) . Black dots mark the stations of the WOCE/A17 hydrographic section used for transport computations, and the dashed rectangle is where averaged transports were also computed (see text). Contoured The thick red arrows show averaged velocities from current meter measurements (Müller et al., 1998; Hogg et al., 1999) . Black dots mark the stations of the WOCE/A17 hydrographic section used for transport computations, and the dashed rectangle is where averaged transports were also computed (see text). Contoured isobaths are 800 m (white), 2000 m and 4000 m. 
